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Coronary Plaque Characterization by Computed
Tomographic Angiography
Present Promise and Future Hope*
James A. Goldstein, MD, FACC
Royal Oak, MichiganUntil recently, high-resolution coronary angio-
grams could only be obtained by invasive tech-
niques. Advances in computed tomographic an-
giography (CTA) have now made it possible to
accurately image the coronary vasculature nonin-
vasively, with excellent accuracy for the presence
and severity of luminal stenoses (1,2). Whether
CTA has the capability to delineate the morpho-
logical features of complex ruptured coronary
plaque, let alone “vulnerable” plaque, has not
been fully elucidated. In this issue of iJACC,
Kitigawa et al. (3) employed CTA to characterize
See page 153
atherosclerotic plaque in patients with acute cor-
onary syndrome (ACS). Their findings suggest
that, compared to stable cases, ACS patients
more commonly exhibit plaques with vulnerable
features, with such lesions more frequently mul-
tifocal in distribution.
Ground rules for plaque characterization. Before
each baseball game, the managers and umpires
gather at home plate to discuss “ground rules.”
Analogously, interpretation of the present obser-
vations first requires careful consideration of
plaque characterization terminology and technol-
ogy. The following definition of terms is offered:
1) “unstable plaque,” the proximate cause of ACS
characterized pathologically by a ruptured in-
flamed plaque with superimposed thrombus; 2)
*Editorials published in JACC: Cardiovascular Imaging reflect the views of
the authors and do not necessarily represent the views of JACC: Cardio-
vascular Imaging or the American College of Cardiology.
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manufacturer of invasive plaque characterization technology.“complex lesions,” the invasive angiographic hall-
mark of a frankly unstable plaque, characterized
by haziness, fissuring, ulceration, filling defect,
and impaired flow; 3) “vulnerable plaque,”
rupture-prone precursor of unstable plaque,
linked pathologically to thin-capped fibroathe-
roma; 4) “culprit lesion,” the unstable plaque
responsible for ACS; and 5) “target lesion,” that
plaque designated for revascularization. Although
these definitions are widely accepted, unfortu-
nately these terms are often applied imprecisely
or misused interchangeably.
An appreciation of the information necessary
to precisely characterize plaques and fundamental
data provided by plaque imaging technologies is
essential. Comprehensive plaque analysis should
include the following: 1) architecture: plaque
volume, length, eccentricity, remodeling, and im-
pact on lumen area; 2) physiology: impact on
coronary flow reserve; 3) content: lipid, fibrous,
calcium, and so forth; and 4) pathobiology: pres-
ence of inflammation, neovascularization, fibrous
cap metabolism, apoptosis, and so forth.
Invasive angiography produces an image of the
vessel lumen only, but little insight regarding
atherosclerotic plaque other than indirectly by its
effects on luminal architecture. Invasive angiog-
raphy is effective at delineating grossly disrupted
complex lesions, but may miss the plaques with
subtler but pathologically manifest ulceration and
rupture, and clearly fails to detect the many
vulnerable but not yet ruptured plaques that serve
as the substrate for subsequent coronary events
(4). Intravascular ultrasound (IVUS) images the
vessel wall and delineates the extent and, to some
extent, the character of intramural plaque. By
IVUS, unstable plaques are typically bulky, ec-
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162entric, and positively remodeled, with complex
eatures including ulceration, intimal flaps, and
hrombus (5). Expansive remodeling by IVUS
ay identify vulnerable but not yet disrupted
laque. Other novel invasive imaging devices
old promise to further plaque characterization.
or example, near-infrared spectroscopy has been
alidated and approved for accurate delineation of
ipid-core content of plaques (6), whereas optical
oherence tomography provides breathtaking im-
ges of plaque architecture, including fibrous cap
hickness (7). CTA noninvasively provides a high-
esolution, contrast-enhanced “lumenogram” simi-
ar to invasive angiography; furthermore, by virtue
f differential tissue attenuation capabilities, CTA
lso facilitates imaging of the vessel wall, thereby
roviding IVUS-like insights regarding the charac-
er and extent of intramural atherosclerosis.
TA delineation of vulnerable plaque. In the present
tudy, Kitigawa et al. (3) analyzed “noncalcific
oronary atherosclerotic lesions” in 101 patients,
omparing 21 ACS cases and 80 non-ACS cases.
he CTA features of vulnerable plaque were
nalyzed according to 3 parameters: 1) low CT
ensity; 2) positive remodeling index; and 3)
atterns of adjacent spotty calcification. Major
ndings showed that ACS patients had compar-
tively more noncalcific lesions (3 vs. 2 per
atient), with such lesions exhibiting more “vul-
erable” characteristics. Statistical analysis re-
ealed that in ACS cases, a high degree of
ositive remodeling was the only independent
iscriminator of culprit versus nonculprit lesions.
hese findings are similar to those of prior
tudies documenting that culprit lesions in ACS
atients are characterized by lower CT density
nd positive remodeling (8). These results are
lso consistent with prior IVUS studies demon-
trating similar morphological features (e.g., pos-
tive remodeling) in unstable and vulnerable le-
ions. Another important finding of the present
tudy demonstrated that ACS patients mani-
ested more lesions per patient compared with
on-ACS patients. Given that such ACS lesions
xhibited more vulnerable plaque features, the
uthors conclude that ACS patients harbor mul-
iple vulnerable plaques. These findings support
he concept that plaque instability is a pancoro-
ary, multicentric process, a notion first demon-
trated by our documentation of multiple unsta-
le plaques in patients with acute myocardial
nfarction (9). lonsiderations pertinent to themethods of the present
tudy. Interpretation of the present results (3) re-
uires consideration of both terminology and meth-
dology. The fundamental premise of this study is
ased on the assumption that the CTA criteria
mployed can accurately detect vulnerable plaque.
lthough prior CTA-IVUS correlates have been
ublished, true validation of CTA sensitivity and
pecificity utilizing “gold standard” histopathology
omparators has not yet been established. Termi-
ology in the present study also may pose chal-
enges: the terms “culprit lesion” and “target lesion”
re utilized interchangeably and employed without
istinction to concepts of “unstable lesions” and
vulnerable plaques.” Furthermore, no invasive an-
iographic data are provided, nor is there informa-
ion regarding revascularization. Neither did the
resent CTA analysis comment on morphological
eatures indicating plaque disruption such as ulcer-
tion, filling defect, or intraplaque dye penetration.
n aggregate, these considerations may limit firm
onclusions regarding whether any given lesion is
ruly vulnerable, complex, culprit, or target.
TA documentation of complex lesion morphology.
e recently demonstrated that CTA can delin-
ate the morphology of unstable coronary plaques
10). In patients presenting with unstable chest
ain and proven complex ruptured plaques by
nvasive angiography, the CTA portrait of an
nstable coronary plaque is strikingly similar to
atterns depicted by invasive angiography, and is
haracterized by a bulky, hypodense, eccentric,
ositively remodeled lesion with angiographic
vidence of plaque disruption indicated by ulcer-
tion and intraplaque contrast penetration. Im-
ortantly, in some lesions judged noncomplex
nd stable by invasive angiography, CTA re-
ealed intramural plaques that were eccentric,
ulky, hypodense, and positively remodeled, but
hat lacked features of frank rupture. One can
nly speculate whether such lesions represent
ulnerable plaques. These observations empha-
ize that its IVUS-like capabilities impart to
TA the power and potential to detect subtler
reas of plaque instability/vulnerability that inva-
ive lumenography may miss.
he future of plaque characterization: looking beyond
he lumen. The pioneers of coronary angiography
ere justifiably awarded a Nobel Prize in 1956. The
resent results (3) add momentum to the ongoing
apid transformation beyond invasive lumenogra-
hy to a more sophisticated, comprehensive, and ateast partially noninvasive approach to plaque de-
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163ection and characterization. Ultimately, CTA
laque characterization will require validation by
ross histopathological correlates and correlation
ith direct invasive imaging modalities (e.g., IVUS,
ngioscopy, near-infrared spectroscopy, optical co-
erence tomography). Clearly, further research will
e necessary to determine whether CTA can pro-4. Goldstein JA. Angiographic plaque
complexity: the tip of the unstable Coll Cardiol 2002;hat will influence the management and outcomes
f coronary atherosclerosis.
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